Abstract-The RF-DC conversion efficiency of an RF harvesting circuit when it is excited by digitally modulated signals is investigated. A variety of signals with the same average power but different complementary cumulative distribution function (CCDF) and peak-to-average-power ratio (PAPR) properties are applied at the input of a prototype UHF diode rectifier. The rectifier is optimized for maximum efficiency under low average input power levels and the RF-DC conversion efficiency for different output load conditions is evaluated. It is shown that depending on the CCDF and PAPR properties of the applied signal a different optimum load exists which leads to a maximum efficiency.
. Following the paradigm of RFID technology, several new types of wireless systems are being developed such as WiCoPT [4] or SWIPT [5] [6] , that transmit power and information simultaneously using modulated signals. In this work, we study the RF-DC conversion efficiency of a rectifier using modulated signals, making a first step to maximize the power transfer efficiency based on the used signal properties and output load.
Recent works have already shown that the RF-DC conversion efficiency of a rectifier is strongly affected by the underlying signal P APR [7] [8] [9] . In this work, the effect of the CCDF distribution as well as its PAPR on the optimum load is investigated. In addition, it is shown that as the baseband filter roll-off factor (�) affects the signal PAPR, it also provides a means to control the RF-DC conversion efficiency of a WPT system. The paper is structured as follows: in section II the rectifier prototype is described. In section III, the input signal parameters and characteristics are defined and discussed. In section IV the measurement results are presented, and finally, in section V the conclusions of this work are summ arized.
II. RECTIFIER DESIGN
A UHF rectifier was designed and optimized using harmonic balance simulation. The circuit, shown in 
III. SIGNAL DESCRIPTION
The complementary cumulative distribution function (CCOF) expresses the probability that the instantaneous power of a signal has a higher or equal value than the CCDF argument. The CCOF argument is given as the ratio of instantaneous power over average power. The signal peak to average power ratio (P APR) can be identified from its CCOF curve. In this paper we considered as P APR the argument of CCOF corresponding to a 0.01% probability. In order to evaluate the CCDF of several modulated signals we have set up a test bench shown in (Fig. 2 ). An Agilent E4438C function generator is used as a transmitter, whereas the receiver consists of an Agilent E4448A VSA spectrum analyzer linked to Vector
Signal Analyzer software (VSA). 
IV. MEASUREMENTS
In order to measure the efficiency of the rectifier, a second test bench was set-up, shown in Fig. 8 . In this case the receiver is the rectifier circuit, and a PROMAX MD-200B digital multimeter is used to measure the rectifier output dc voltage.
Subsequently the RF-DC conversion efficiency is computed using (1). � 20 In Fig. 11 we compare a 64QAM signal with � = 1 and a 8PSK signal with � = 0, which, as shown in Fig. 7 , have the same PAPR but different CCDF curves. Specifically, the 64QAM signal has larger CCDF values but its 'waterfall' curve drops suddenly as the peak power values are increased and results to the same P APR as the 8PSK signal which has a smoother CCDF variation. [n this case, it is observed that the 64 QAM signal leads to a higher RF-DC conversion efficiency at larger load RL values. Finally, Fig. 12 shows the RF-DC conversion efficiency of a 64QAM signal versus the symbol rate for three different load values. It was shown in Section III that the modulation rate does not affect its CCDF curve and P APR value. In Fig. 12 however, it is observed that the RF-DC efficiency initially increases with increasing symbol rate while it appears to reach a maximum value for a certain symbol rate. This is attributed to the effect of the low pass filter at the output of the rectifier. If the symbol rate increases further a reduction in the RF-DC conversion efficiency is expected due to the limited bandwidth of the rectifier matching network. Symbol rate (SPS) 
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